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Summary.-The influence of leukaemic cells on the colony formation of human
bone marrow cells was studied in vitro as an extension of our previous work (Chiyoda
et al., 1975). An extract of leukaemic bone marrow cells significantly suppressed
colony forming ability of the normal bone marrow cells, whereas an extract of normal
bone marrow cells did not suppress it except in two cases. The suppressive effect
of normal bone marrow cells, however, was obviously less intense than that of
leukaemic cells. This suppressive effect was dose dependent and was fairly stable
to heat treatment.
These results suggest that leukaemic bone marrow cells contain factor(s) which
suppress normal colony formation.
IN ACUTE leukaemia, mature granulo-
cyte counts are usually reduced in peri-
pheral blood as well as in bone marrow.
This reduction could be due either to a
replacement of normal haemopoietic stem
cells by leukaemic cells in haemopoietic
tissue or to a direct suppression by
leukaemic cells.
In the previous report (Chiyoda et al.,
1975) we found that leukaemic cells sup-
pressed in vitro colony formation by non-
leukaemic marrow cells. In the present
study, the suppressive effect ofthe leukae-
mic cells has been further investigated.
It was observed that the homogenate of
leukaemic cells and its fractionated
extracts also suppressed the in vitro
formation of colonies from normal bone
marrow cells.
MATERIALS AND METHODS
Controls and patients.-Bone marrowr cells
were obtained from 19 normal volunteers and
8 untreated patients with acute leukaemia.
Peripheral blood counts and bone marrow
findings of these volunteers were within the
normal range.
Table I summarizes the haematological
data ofthe 8 cases of acute leukaemia. Inten-
sive infiltration was observed in all cases.
Preparation of supernatant from bone
marrow.-Bone marrow cells were obtained
by sternal puncture with a heparinized
plastic syringe. The aspirate was centri-
fuged at 150 g for 5 min at 4°C. The buffy
coat was washed with McCoy's 5A medium
fortified with a mixture of vitamins and
aminoacids (Nissui Co.,Tokyo) andsuspended
in the same medium to make a final cellular
concentration of 3 5-10 x 107/ml.
The suspension was immediately homo-
genized with a teflon homogenizer for 5 min
rotating at about 1100 rpm. The homo-
genate was centrifuged at 1500 g to remove
nuclei and intact cells for 10 min at 4°C.
The supernatant was then centrifuged at
15,000 g for 15 min at 4°C. The resultant
precipitate and supernatant are hereafter
referred to as fractions 1 and 2 respectively.
Fraction 2 was further centrifuged at
110,000 g for 60 min at 4°C. The precipitate
and supernatant of this centrifugation are
hereafter referred to as fractions 2a and 2b
respectively. These fractions were added to
normal bone marrow culture to examine
their inhibitory effect on the formation of
colonies in vitro.S. CHIYODA, H. MIZOGUCHI, S. ASANO, F. TAKAKU AND Y. MIURA
TABLE I.-Clinical Data
Peripheral blood
DiagnO3iS
AML
AML
AMOL
APL
AML
AML
AML
AML
WBC
97600
96000
21200
1200
5300
5900
17500
98000
Hb
(g/dl)
82
8 4
7.4
5.9
7 6
6-2
7 8
6 2
% L9uka--
mic cells
95.0
47.5
75 0
47-0
46 5
63 0
40 0
300
Bone marrow
NCC % L')ukae- %Erythro-
( X 104) mic cells blasts
1379 89-2 04
349 420 250
220 748 68
56-6 852 44
500 800 1.0
40-0 73-0 3*0
427 54.3 1 2
67-0 40*4 12*8
NCC - nucleated cell couit
AML - acute myelogenous leukaemia
AMoL - acute monocytic leukaemia
APL- acute promyelocytic leukaemia
In all cases cultured control cells were
compatible, at least in ABO blood type, with
the cells (supplemented as described below)
from which the supernatant was prepared.
Preparation of conditioned medium.-The
bone marrow cells were obtained from a
patient with acute leukaemia by sternal
puncture. The aspirate was transferred to a
test tube and centrifuged at 150 g for 5 min
at 4°C. The buffy coat was washed twice
and suspended in fortified McCoy's 5A
medium and washed with the same medium.
These cells were cultured by two methods as
follows:
(1) The cells were suspended in fortified
McCoy's 5A medium with 15% foetal calf
serum to make a final cellular concentration
of 3 x 106/ml and were incubated at 370C.
The supernatant was obtained by centri-
fugation at 150 g for 5 min on Day 3 of
culture and was frozen at -20°C until use.
(2) The cells were suspended in fortified
McCoy's 5A medium with 15% foetal calf
serum to make a final cellular concentration
of 3 x 106/ml and implanted in a soft agar
layer. After incubating at 37°C in a C02
incubator for 24 h 6-6 ml of fortified McCoy's
5A medium with 15% foetal calf serum was
added to the culture. The supernatant was
obtained on Day 7 of culture and was frozen
at -20°C until use.
Heat treatment.-Aliquots of 0-8 ml of
fraction 1 were heated at 65°C for 30 min
or at 100°C for 5 min in a water bath.
The precipitate obtained by centrifugation
at 1500 g for 5 min was suspended in culture
medium. Both the suspension and the
supernatant were added, separately from
each other, to normal bone marrow culture,
in order to observe how each ofthem inhibited
colony formation.
Marrow culture technique.-As has been
reported previously (Chiyoda et al., 1975),
the culture method used was a modificaticn
of that described by Pike and Robinson
(1970). To make the feeder layer, peri-
pheral white blood cells collected from a
normal individual were allowed to sediment
by standing at room temperature for 45-
60 min. The plasma, containing white blood
cells, was removed and mixed with foetal
calf serum (Flow Lab.) to a final serum
concentration of 15% together with McCoy's
5A medium fortified with a mixture of
vitamins and aminoacids (Nissui Co., Tokyo).
This mixture was mixed with liquefied agar
(3% in water) to give a final agar concentra-
tion of 0-5%. One ml aliquots containing
1 x 106 white blood cells were put into
35 x 10 mm plastic petri dishes (F#lcon
Plastics).
The bone marrow cells for the upper layer
were obtained by sternal puncture. The
aspirate was then transferred to a test tube
and was centrifuged at 150 g for 5 min at
4°C. The buffy coat was washed 3 x with
fortified McCoy's 5A medium and suspended
in this culture medium. 2 x 105 of the
washed marrow cells were suspended in 1 ml
of McCoy's 5A medium containing agar
(final concentration of 0-3%), foetal calf
serum (final concentration of 15%) and
materials prepared from leukaemic or normal
marrow cells (final concentration of 70/).
Subj 'Ct
s.s.
KI.
T.S.
Y.S.
K.T.
T.I.
Y.E.
K.W.
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This marrow suspension was plated on the
top of the previously prepared underlayers.
After the medium had been solidified at
room temperature, culture was performed at
37°C in a humidified incubatorwith a constant
flow of 7% CO2 in air. The numbers of
colonies were counted on Day 9 of culture.
Distinct groups of cells containing more than
20 cells were counted as colonies. The
groups consisted of compact, dispersed and
mixedtypesofcolonies. Theypredominantly
contained neutrophils, mononuclear cells and
mixtures of the two as previously described
(Ichikawa, 1969).
In order to study the effect of leukaemic
cells on the colony formation of normal bone
marrow cells, we placed 01 ml of materials
prepared from leukaemic or normal bone
marrow cells in the upper layers of agar
culture as follows (Tables II, III and IV):
(1) 2 x 105 normal bone marrow cells,
(2) 2 x 105 normal bone marrow cells plus
each fraction prepared from both normal or
leukaemic bone marrow cells, (3) 2 x 105
normal bone marrow cells plus fraction 1 kept
frozen at -20°C for from 30-45 days until
use, (4) 2 x 105 normal bone marrow cells
plus conditioned medium, (5) 2 x 105 normal
TABLE II.-Bone Marrow Culture with the Extract of Normal Marrow Cells
Normal
bone
marrow Bone marrow cell extract
cells A
(2 x 105) No. of
Subject Subject cells
M.S. M.N. 0
5.0 x 106
5-0 x 106
H.I. N.Y. 0
4-0 x 106
4-0 x 106
N.Y. H.I. 0
3-5 x 106
3-5 x 106
Y.N. K.H. 0
5-0 x 106
5-0 x 106
K.H. Y.N. 0
5-0 x 106
50 x 106
T.I. K.F. 0
5-0 x 106
5-0 x 106
K.F. T.I. 0
5-0 x 106
5.0 x 106
K.A. T.N. 0
1-6 x 107
5.0 x 106
1-0 X 106
5-0 x 105
1-6 x 107
a5.° X 106
150 X 106
510 x 105
K.K. A.K. 0
1.5 x 107
5 0 x 106
1-0 X 106
5-0 x 105 1.5 x 107
5.0 x 106
1.0 X 106
5-0 x 105
- No. of
colonies Parcentage Significance
Fraction par dish ofcontrol (P)
203-3 16-5
1 176-6 ± 25-1 86-9
2 198-8 ± 10-5 97-8
91-3 i 10.1
1 53-5 ± 40 58-6 <0.001
2 69-3 ± 3-9 75-9 <0*01
143-8 2 25-8
1 115-6 17-6 804
2 150-0 ± 8-4 104-3
160-4 4 8-3
1 123-7 ± 17-8 77-1 <001
2 157-7 ± 20-5 98-3 -
68-0 ± 10.0
1 66-2 11-6 97-4
2 57-3 ± 2.6 84-3
73-7 ± 3-1
1 67-8 6-7 92-0
2 71-4 i 7-4 96-9
100-4 6-0
1 88.0 ± 17-5 87-6 -
2 124-2 ± 12-5 123-7 <0-01
87-5 + 7-2
], 62-8 ± 4-6 71-8 <0-001
1 84-2 ± 17-3 96-2
1 85-5 ± 16-1 97-7
1 950 i 12-3 108-6
2 77-0 ± 10-9 88-0
2 93-8 ± 15-2 107-2 -
2 91-3 ± 15-1 104-3
2 93-3 ± 4-7 106-6
112-2 ± 14-4
1 106-2 i 13-3 94-7
1 99.2 ± 4-7 88-4
1 104.0 ± 9.7 92-7
1 102-0 ± 11-3 90-9
2 100-3 ± 23-0 89-4
2 102.5 ± 13-0 91-4
2 105-5 ± 12-9 94-0 -
2 111-2 i 93 99-1 -
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bone marromw cells plus fraction 1 after heat
treatment at 65°C for 30 min or at 100°C for
5 min.
RESULTS
Tables II and III summarize the
number of colonies formed by Day 9 of
culture. Before culture, each of the
fractions (1, 2, 2a and 2b), obtained from
normal volunteers (Table II) and from
patients with acute leukaemia (Table III),
had been added separately to the upper
layer. When 2 x 105 normal bone
marrow cells were cultured with one of
the four fractions prepared from acute
leukaemic bone marrow cells, the number
of colonies formed was significantly less
than in the control culture to which these
fractions had not been added. Moreover,
the colonies formed in the dishes cul-
tured with leukaemic bone marrow cell
fractions were significantly smaller in
size than those in the control culture.
The suppressive effect was dose depend-
ent in one experiment (case T.S.). The
suppression was obviously greater in
fraction 1 than in fraction 2 except for
one case (Y.S.). On the other hand,
when 2 x 105 normal bone marrow cells
were cultured with fraction 1 or 2 prepared
from normal bone marrow cells, the
suppressive effect was not significant
except in one case (N.Y.), and with
fraction 1, in two other cases (K.H.,
T.N.). The degree of suppression, how-
ever, was obviously higher with the
extracts ofleukaemic cells than with those
ofnormalbone marrow cells. In two normal
cases (N.Y. and K.H.), the suppressive
effect was far less than that observed
with the leukaemic cell extracts. More-
over one fraction 2 prepared from bone
marrow cells of a normal volunteer even
stimulated colony forming ability (case
T.I.).
When the conditioned medium ob-
tained by the culture of leukaemic
marrow cells was added to the normal
TABLE III. Bone Marrow Culture with Extract ofLeukaemic Marrow Cells
Normal bone
marrow cells
(2 x 105)
Subject
Bone marrowT cell extract
Subject Diagnosis
AM.S. s.s. AML
J.S. K.I. AML
T.O. T.S. AMoL
F.K. Y.S. APL
H.F. K.T. AML
K.K. Y.E. AML
K.K. K.W. AMIL
No. ofcolonies
No. of cells Fraction per dlish
0 127-6 19-7
1 -Ox 10' 1 10-0± 5-4
5 0x106 1 26-0 2 2
l Ox 107 2 21- 8 6 0
50x 106 2 71-4± 9 1
0 109-9±11-0
8Ox 106 1 29' 4± a 1
80x O106 2a 91-0±10 6
8-0x 106 2b 89 2±11-9
0 167-2-X- 5.5
1 7x106 1 135-0-4-22 1
,3.3x106 1 977±15 8
5 0x 106 1 81.72- 4 2
1.7x106 2 140 0±14 1
3 3x 106 2 108 2±17 7
5 0x 106 2 93-5±12-1
0 160 7 ±17'3
5. 01x06 1 70 2±11-6
5-Ox 10 2 27-7 8 0
0 1018-8 4*.'9
aOx 106 1 9-0± 2-4
5 0x106 2 30 2± 5 0
0 158 0+21*7
O0x 106 1 113-2412-5
5.0x106 2 1132 +12-4
0 158-0±21 7
5 0x 106 1 79-4± 9-0
5 0x 106 2 91-2± 4-8
Percentage Significance
of control (P)
8 <0-001
20-4 <0 001
17 1 <0 001
56-1 <0 001
26-8 <0 001
82-8 <0 02
81-2 <0 01
80-7 <0 02
58 4 <0-001
48 9 <0-001
83 7 <0-01
64-7 <0 001
55-9 <0-001
43 7 <0*001
17 3 <0-001
8-8 <0-001
29 7 <0*001
71-6 <0-01
71-6 <0-01
50 3 <0-001
57 - 7 <0-001
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TABLE IV. Bone Marrow Culture with Conditioned Medium
Leukaemic bonie marrow
cell: cor(litiolie(l me(lium
Subject
T.I. 0
CMr 1
Car 2
Y.E. 0
CAM I
CM 2
K.W. 0
CMI 1
CAM 2
No. of colonies
per (lish
167 3113 0
137 3 ±25 :3
11 5±15 4
158-0121 7
126*5±20 0
133-7±12 0
158 0121*7
l12 8±20(7
137-3± 10 1
Percentage Significance
of control (P)
82 1
69 , 0
80 1
84 6
71 4
86 9
<005
<0001
<0 05
<0 05
<0-01
CMT 1 Conditioned medliuim obtained by soft agar culture techiniquie.
CM 2 Condlitione(d medlium obtained by liquidl culture.
bone marrow cells, colony formation was
significantly suppressed, except in one
case obtained by liquid culture, as in
Table IV.
The suppressive effect of fraction I
decreased to about 5000 of the initial
value after storing at 20°C for from
1 to 1.5 months. The suppressive effect
of fraction 1 obtained from leukaemic
bone marrow cells was not significantly
decreased by heat treatment at 65°C for
30 min or at 100°C for 5 min. (These
results are not shown in the tables.)
DISCUSSION
In the present study, bone marrow
specimens taken from all the cases of
acute leukaemia were intensively in-
filtrated with leukaemic cells.
Poor colony formation in acute leuk-
aemia has been reported by many
authors (Senn, McCulloch and Till, 1967;
Greenberg, Nichols and Schrier, 1971;
Duttera et al., 1973; Mizoguchi et al.,
1974), and the suppressive effect of leuk-
aemic cells on colony forming ability
has been reported in recent papers
(Chiyoda et al., 1975; Morris, McNeill
and Bridges, 1975).
In this report, we hope that we have
been able to clarify further the mechan-
ism of this suppressive effect. According
to our preliminary experiment (Table
IVr), conditioned medium of leukaemic
cells also suppressed the colony forming
ability of normal bone marrow cells,
whereas a positive colony-stimulating
activity is reported to have been de-
tected in conditioned medium obtained
from normal bone marrow cells (Golde
and Cline, 1974). A suppressive effect
of serum from patients with acute leuk-
aemia has been reported (Mintz and
Sachs, 1973). These results suggest that
leukaemic cells suppress normal bone
marrow cells at least partly through
humoral factor(s) released from the leuk-
aemic cells.
In the present study, it was clearly
shown that homogenates of leukaemic
cells significantly suppressed the colony
formation by normal bone marrow cells
in all tests (Table III). A reduced
suppressive effect was observed in 3
cases out of 9 where normal bone marrow
homogenate was added to normal cells
(Table II). In one case (A.K.), even when
a larger dose of normal bone marrow
homogenate was added, the suppressive
effect was not significant. The colonies
formed in the culture containing leuk-
aemic homogenate were smaller insizethan
those in the control culture with normal
bone marrow homogenate.
These results suggest that leukaemic
bone marrow cells contain factor(s)
which suppress normal colony formation.
It remains to be clarified whether this
factor is secreted from living leukaemic
cells or released from destroyed cells.
The suppressive effect of fractions
Normal bone marrow
cells (2 x 105)
Subject
Y.F.
K.K.
K.K.
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1 and 2 is dose dependent. The effect is
greater with fraction 1 than with frac-
tion 2. The effect was fairly stable to
heat treatment, and the result of pre-
liminary experiments, not shown in the
accompanying tables, indicated the un-
dialysability of this factor. Physical and
chemical characterization of this factor
is expected to give us a more detailed
insight into this phenomenon.
In this paper the colony forming
ability of the normal subject was higher
than reported previously (Chiyoda et al.,
1975). This may be due to the use offoetal
calf serum in the culture medium instead
of normal human serum, and also to the
use of buffy coat to remove red blood
cells. Our more recent results agree with
the results described by other authors
(Iscove et al., 1971; Greenberg and
Schrier, 1973).
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Keiko Koguchi is gratefully acknow-
ledged.
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